Introduction
The use of organometallic reagents to install functionality within molecules is of paramount importance in organic synthesis. Of the wealth of transformations that are possible using organometallic species, the classical use of lithium-and magnesium-based reagents to introduce a particular group in a nucleophilic manner remains a widely used and successful methodology.
1 Having stated this, certain problems can arise when attempting the addition of such organometallic reagents into an enolisable carbonyl group. In particular, yields are often reduced due to deprotonation at the aposition, resulting in the formation of an enolate ion, thus lowering the efficiency of the intended addition process (Scheme 1).
1
Methods to overcome this enolisation have been developed, and include the addition of cerium salts which can dramatically reduce enolisation and so improve the yields of addition products in such reactions.
2
Scheme 1 Reaction of organometallic reagents with carbonyl compounds.
While the enolisation of carbonyl groups is therefore possible using carbon-centred organometallic reagents, this process is generally viewed as a detrimental side reaction which must be avoided. Having stated this, in a series of seminal studies, Schlosser et al. showed how the kinetic basicity of reagents such as n-butyllithium could be appreciably and usefully enhanced by the addition of species such as potassium tert-butoxide to increase deprotonation rates.
3 Despite this, scant attention has been directed towards the direct use of magnesium-based reagents as base species. However, when considered more closely, use of carbon-centred organomagnesium reagents has the potential to provide an effective method of performing such deprotonations. Most importantly, such processes would require fewer added components, e.g. alkoxides (as used in the Schlosser-type systems) or amines (as required in the ubiquitous LDA reagent), thus expediting reaction set-up and generating fewer reaction byproducts.
4

Results and discussion
Development of magnesium based carbon-centred bases
Following on from that stated above, we recently reported the development of bismesitylmagnesium (Mes 2 Mg, 2)asaneffective reagent for the deprotonation of a range of ketone substrates and the formation of silyl enol ethers. 5 This reagent was shown to be a non-nucleophilic and thermally stable carbon-centred base, which can be used at more readily accessible temperatures (e.g. 0
• C) and, compared to more standard deprotonation methods, avoids the wasteful use of amine additives. However, one drawback to this technique is that the requisite Mes 2 Mg reagent is not commercially available. Nonetheless, this species 2 can be efficiently prepared in a separate process from 2-mesitylmagnesium bromide 6 (MesMgBr, 1) and 1,4-dioxane (Scheme 2). 7 Having stated this, this procedure requires some degree of practical manipulation, including removal of the prepared Mes 2 Mg solution via cannula without transferral of the precipitated MgBr 2 ·1,4-dioxane polymer, 3 (Scheme 2). Additionally, the Mes 2 Mg solution must then be stored appropriately, under air-and moisture-free conditions, before use. Therefore, to enhance the applicability of bismesitylmagnesium as a carboncentred base species, a deprotonation protocol which operates from commercially available MesMgBr solution, and without the prior isolation of Mes 2 Mg, would clearly be advantageous. Our endeavours towards this goal are delineated here. In order to establish a practically more efficient Mes 2 Mgmediated deprotonation protocol, we envisaged the development of a system which combined the preparation of the key Mes 2 Mg reagent with the deprotonation and electrophilic quench process. Towards this objective, initial reactions using a combination of MesMgBr and 1,4-dioxane, with an optimised quantity of TMSCl at 0
• C, 5 provided a moderate 50% conversion to the desired silyl enol ether, using cyclohexanone as the ketone substrate (Scheme 3). However, a 16% conversion to side (addition) products was also noted. Comparatively, without 1,4-dioxane, a decreased 39% conversion to silyl enol ether product was registered, while the conversion to side products increased to 34% (Scheme 3). This indicated that the 1,4-dioxane additive was essential in order to moderate the nucleophilic characteristics of the parent Grignard reagent, presumably by promotion of in situ disproportionation to the less nucleophilic Mes 2 Mg reagent.
5
Scheme 3 Preliminary one-pot reactions with MesMgBr.
With these somewhat encouraging results in hand, optimisation of the system began with the inclusion of controlled quantities of LiCl. As shown in Table 1 , the inclusion of LiCl as an additive, in addition to 1,4-dioxane, within this developing onepot process, appreciably enhanced the efficiency of the silyl enol ether formation. More specifically, using two molar equivalents of LiCl delivered an almost quantitative conversion to the silyl enol ether 5a, now with no trace of side (addition) products (entry 1). If the 1,4-dioxane additive was omitted, conversion increased from the 50% observed in the control reaction to an improved 72%, however, the level of side products also increased to 27% (Scheme 3 vs. Table 1 , entry 2). Lowering of the LiCl loading level only resulted in less efficient conversion to silyl enol ether (Table 1 , entry 3), while halving the quantity of 1,4-dioxane decreased the conversion to product and, once again, increased the side product ratio(T able1,entry4).
In addition to the optimisation shown in Table 1 , an analysis of reaction time indicated that the conversion to silyl enol ether within the emerging one-pot method proceeded significantly more quickly than when pre-isolated Mes 2 Mg was employed. As shown in Scheme 4, the silyl enol ether product is delivered in 93% conversion after only 1 h, compared to the 96% achieved after 8 h using the previously developed protocol with preformed Mes 2 Mg.
Having established these optimised conditions, we next sought to assess their generality by application to a range of substrates at the readily accessible 0
• C reaction temperature (Table 2) . Pleasingly, the developed one-pot protocol performed effectively in all cases explored, giving the silyl enol ether products in high isolated yield, with no addition products being detected in any case. This method also delivered some steric selectivity with the formation of only the kinetic deprotonation product 5f from ketone 4f. Furthermore, using these one-pot conditions with the more sensitive ketone, 4-chlorobutyrophenone 4h, the silyl enol ether 5h was obtained in 80% isolated yield, with no addition, substitution, or elimination products being observed ( Table 2 , entry 8); with this example the stereoselectivity of the process was also excellent, with only the Z-silyl enol ether isomer, Z-4h, being detected by 1 H NMR. Moreover, control reactions have shown further benefits of this carbon-centred magnesium base protocol over those with analogous lithium reagents: treatment of cyclohexanone with MesLi, under similar conditions at 0 • C, delivered only 13% conversion to the desired enol ether, with the major product being C-silylated mesitylene.
4f Additionally, use of LDA in the reaction with 4-chlorobutyrophenone 4h, under analogous conditions to those employed here, led only to elimination products.
Improvements to the one-pot procedure
Having successfully established this general one-pot process, some further investigations were made in an attempt to enhance the potential overall scope and applicability of this procedure. Firstly, to this stage we had utilised a one hour syringe pump addition of the ketone substrate, since this had been the standard procedure used for all of our previous investigations into asymmetric deprotonation reactions with chiral magnesium amide bases.
8
However, it was unknown whether this slow addition procedure was necessary for reactions utilising Mes 2 Mg, either as a preformed reagent or as generated in situ. To address this, we performed the deprotonation of cyclohexanone, 4a, under the optimised one-pot conditions and with the introduction of the ketone being completed manually over 10 minutes (Scheme 5). Pleasingly, the reaction utilising simple manual addition delivered comparable yields of the desired product 5a. Following this useful practical development, the scalability of the one-pot Mes 2 Mg procedure was assessed by carrying out gram-scale reactions under the optimised one-pot conditions with manual addition of the ketone substrates, as detailed in Fig. 1 . Gratifyingly, the developed MesMgBr conditions could be successfully applied on enhanced scale to the deprotonation of the substrates illustrated: the benchmark substrate 4a (cyclohexanone) and also the more sensitive substrate 4h (4-chlorobutyrophenone) gave the corresponding silyl enol ether products 5a and 5h in 90% and 83% yield, respectively. The efficiencies of these gramscale reactions compare very favourably with the results achieved previously and as delineated above (Table 2) . Fig. 1 Gram-scale one-pot processes.
Consideration of the structure of Mes 2 Mg·LiCl
Mes 2 Mg is known to exist as the solvated dimer Mes 2 Mg·(THF) 2 .
7a-c However, in the presence of LiCl it is likely that this structure will change. It is conceivable that, upon introduction of LiCl, Mes 2 Mg will form an 'ate-type complex.
9
Indeed, 'ate complexes have been suggested as the reactive species in magnesium-halogen exchange reactions mediated by Grignard reagents in the presence of LiCl, as pioneered by Knochel and co-workers. 10 Two possibile 'ate complex structures are shown in Fig. 2 . While the charge-separate complex 6 is a possibility, the Libridged structure 7 is considered more likely due to literature precedent for a similar 'ate complex, 8, which has been isolated from the treatment of (2,4,6-i Pr 3 C 6 H 2 ) 2 Mg with (2,4,6-i Pr 3 C 6 H 2 )Li (Fig. 3) . Further support for an 'ate-type structure comes from the observation that 'ate complexes derived from dialkylmagnesium reagents and cryptands displayed increased nucleophilicity and basicity compared to the parent reagent alone.
11 Endeavours towards the isolation and identification of the species generated from Mes 2 Mg and LiCl are ongoing.
Further applications of Mes 2 Mg
A final exploratory reaction was performed to expand the possible applications of our developed conditions. Here, Mes 2 Mg, prepared in situ from MesMgBr and 1,4-dioxane, was treated with ethyltriphenylphosphonium bromide and the resultant ylide was used in a Wittig reaction with acetophenone (Scheme 6). Using in situ generated Mes 2 Mg, a 97% isolated yield of olefin 9 was obtained with 4 : 1 (E : Z) ratio. This promising initial foray into Wittig chemistry has now paved the way for future applications of our developed carbon-centred base protocols.
Conclusions
In conclusion, we have further developed our magnesium-based carbon-centred base protocols to provide a practically more convenient procedure which operates from a commercially available Grignard reagent. In addition, while employing only 1 equivalent of MesMgBr to generate 0.5 mol of Mes 2 Mg in situ,t h i sn e w procedure delivers the desired products in high yield and with greatly increased efficiency in comparison to our previously described methods.
5 Furthermore, these processes can be performed on gram-scale and without the requirement for any slow addition procedures. Throughout, the protocols led to carbon-centred base species which are completely non-nucleophilic, even at the routinely employed temperature of 0
• C.
Experimental
All reactions were carried out using flame dried Schlenk apparatus. Purging refers to an evacuation/nitrogen-refilling procedure. Solutions and solvents were added via syringe. THF and 1,4-dioxane were dried by heating to reflux over sodium wire using benzophenone ketyl as indicator, and then distilled under N 2 . Diethyl ether and light petroleum were used as purchased from suppliers without further purification. Light petroleum (petrol) refers to the fraction of bp 30-40 • C. 2-Mesitylmagnesium bromide, 6 obtained as a 1 M solution in THF, was standardised using salicaldehyde phenylhydrazone as indicator.
12 Cyclohexanone 4a, cyclopentanone 4b, cycloheptanone 4c, propiophenone 4e, 2-methylcyclohexanone 4f, acetophenone 4g, 4-chlorobutyrophenone 4h,anda-tetralone 4i, were dried by heating to reflux over calcium chloride and distilled either under reduced pressure or under nitrogen and stored over 4Å molecular sieves under N 2 .4-tert-Butylcyclohexanone 4d was recrystallised twice from dry hexane at 4
• C and stored under N 2 . Chlorotrimethylsilane was distilled under N 2 and stored over 4 Å molecular sieves and under N 2 .
Gas chromatography was carried out using a Hewlett Packard 5890 Series 2 Gas Chromatograph fitted with a Varian WCOT Fused Silica Column containing a CP-SIL 19CB coating and using H 2 as carrier gas (80 kPa): (i) injector/detector temperature, 200
• C; (ii) initial oven temperature, 45 • C; (iii) temperature gradient, 20
• Cmin −1 ;(iv)finaloventemperature,190 • C; and (v) detection method, FID. Thin layer chromatography was carried out using Camlab silica plates coated with indicator UV 254 .These were analysed using a Mineralight UVGL-25 lamp or developed using a vanillin solution. Flash column chromatography was carried out using Prolabo silica gel (230-400 mesh). IR spectra were obtained on a Perkin Elmer Spectrum One machine.
1 Hand 13 C spectra were recorded on a Bruker DPX 400 spectrometer at 400 MHz and 100 MHz, respectively. Chemical shifts are reported in ppm. Coupling constants are reported in Hz and refer to 3 J H-H interactions unless otherwise specified. High resolution mass spectra were obtained using a JEOL JMS-700 high resolution mass spectrometer. The ionization method used was electron impact (EI) with perfluorokerosene (PFK) as the reference compound.
General experimental procedure
A Schlenk tube was charged with LiCl (2 mmol, 85 mg) and flamedried under vacuum. The tube was purged three times with N 2 before cooling to room temperature and charging with MesMgBr (1 M solution in THF, 1 mmol, 1 mL), 1,4-dioxane (1.05 mmol, 88 mg, 0.09 mL) and THF (9 mL). The mixture was stirred for 15 min at room temperature before cooling to 0
• C. TMSCl (1 mmol, 109 mg, 0.13 mL) was added and the mixture was stirred for 5 min before addition of the ketone (1 mmol) as a solution in THF (2 mL) over 1 h via syringe pump. The reaction mixture was stirred at 0
• C under N 2 for 1 h before being quenched with sat. aq. NaHCO 3 solution (10 mL). The mixture was allowed to warm to room temperature before extracting with Et 2 O ((1 × 40 mL) + (2 × 25 mL)). The combined organic extracts were dried (Na 2 SO 4 )and a representative sample was analysed by GC to obtain the ketone to silyl enol ether conversion. The solution was then filtered and concentrated in vacuo to afford a residue which was purified by column chromatography eluting with 1% Et 2 O-petrol to afford the silyl enol ether product.
1-Trimethylsilyloxycyclohexene (5a).
13,14,15a, 16 Using the general experimental procedure above with cyclohexanone 4a gave 1-trimethylsilyloxycyclohexene 5a as a colourless oil (157 mg, 92%): 
1-Trimethylsiloxycyclopentene (5b).
13,14,15b, 17 Using the general experimental procedure above with cyclopentanone 4b gave 1-trimethylsiloxycyclopentene 5b as a colourless oil (133 mg, 85%): 
1-Trimethylsilyloxycycloheptene (5c).
18 Using the general experimental procedure above with cycloheptanone 4c gave 1-trimethylsilyloxycycloheptene 5c as a colourless oil (177 mg, 96%): Butyl-1-trimethylsilyloxy-1-cyclohexene (5d) . Methyl-1-trimethylsilyloxy-1-cyclohexene (5f) . 13, 14, 16 Using the general experimental procedure above with 2-methylcyclohexanone 4f gave 6-methyl-1-trimethylsilyloxy-1-cyclohexene 5f as a colourless oil (171 mg, 93%): m max (DCM): 1660 cm 
4-tert-
6-
1-Phenyl-1-trimethylsiloxyethylene (5g).
14,15c, 23 Using the general experimental procedure above with acetophenone 4g gave 1-phenyl-1-trimethylsiloxyethylene 5g as a colourless oil (179 mg, 93%): m max (DCM): 1620 cm Chloro-1-phenyl-1-trimethylsilyloxybut-1-ene (5h) . 5 Using the general experimental procedure above with 4-chlorobutyrophenone 4h gave Z- General experimental procedure for non-syringe pump (manual) addition process A Schlenk tube was charged with LiCl (2 mmol, 85 mg) and flamedried under vacuum. The tube was purged three times with N 2 before cooling to room temperature and charging with MesMgBr (1 M solution in THF, 1 mmol, 1 mL), 1,4-dioxane (1.05 mmol, 88 mg, 0.09 mL) and THF (9 mL). The mixture was stirred for 15 min at room temperature before cooling to 0
Z-4-
• C. TMSCl (1 mmol, 109 mg, 0.13 mL) was added and the mixture was stirred for 5 min before addition of cyclohexanone 4a (1 mmol, 98 mg) as a solution in THF (2 mL) manually (by syringe) over 10 min. The reaction mixture was stirred at 0
• C under N 2 for 1 h before being quenched with sat. NaHCO 3 aq. solution (10 mL). The mixture was allowed to warm to room temperature before extracting with Et 2 O ((1 × 40 mL) + (2 × 25 mL)). The combined organic extracts were dried (Na 2 SO 4 ) and a representative sample was analysed by GC to obtain the ketone to silyl enol ether conversion. The solution was then filtered and concentrated in vacuo to afford a residue which was purified by column chromatography eluting with 1% Et 2 O-petrol to afford the silyl enol ether product 5a as a colourless oil (148 mg, 87%).
Silyl enol ether preparations on enhanced scale
The general procedure detailed above for manual addition was used in the following preparations: i) For the gram-scale preparation of 5a: LiCl (22 mmol, 935 mg); MesMgBr (1 M solution in THF, 11 mmol, 11 mL); THF (99 mL); 1,4-dioxane (11.55 mmol, 1.02 g, 0.98 mL); TMSCl (11 mmol, 1.2 g, 1.41 mL); cyclohexanone 4a (11 mmol, 1.08 g, 1.14 mL); a reaction time of 2.5 h delivered the product 1-trimethylsilyloxycyclohexene (5a) as a colourless oil (1.68 g, 90%). Spectral details as above.
ii) For the gram-scale preparation of 5h: LiCl (12 mmol, 255 mg); MesMgBr (1 M solution in THF, 6 mmol, 6 mL); THF (99 mL); 1,4-dioxane (6.3 mmol, 555 mg, 0.54 mL); TMSCl (6 mmol, 652 mg, 0.77 mL); 4-chlorobutyrophenone 4h (6 mmol, 1.1 g, 0.96 mL); a reaction time of 2.5 h delivered the product Z-4-chloro-1-phenyl-1-trimethylsilyloxybut-1-ene (5h) as a colourless oil (1.27 g, 83%). Spectral details as above.
2-Phenylbut-2-ene (9)
24
A 20 mL round bottomed flask was charged with LiCl (2 mmol, 85 mg) and flame dried under high vacuum. The flask was purged three times and allowed to cool to room temperature. MesMgBr (1 M solution in THF, 1 mmol, 1 mL), THF (5 mL) and 1,4-dioxane (1.05 mmol, 88 mg, 0.09 mL) were added and the solution was stirred for 30 minutes. A separate 50 mL flask was flame dried under high vacuum, cooled and purged with nitrogen then charged with EtPPh 3 Br (1 mmol, 371 mg) and THF (5 mL) and cooled to 0
• C. The prepared Mes 2 Mg solution was then introduced to the second flask via cannula. The resulting solution was then stirred for 1 h before addition of acetophenone (1 mmol, 120 mg, 0.12 mL) as a solution in THF (2 mL) over 1 h via syringe pump, followed by stirring at 0
• C for 18 h. The mixture was concentrated in vacuo to give a residue which was dry loaded onto silica using DCM as the dissolving solvent. Purification by column chromatography using 10% Et 2 O-petrol afforded the product 9 as a colourless oil (128 mg, 97%): m max (DCM): 3025, 1498 cm 
